In markets in which price and output are determined intertemporally, the standard Lerner index is a biased and sometimes misleading measure of actual or potential monopoly power. This paper shows how the Lerner index can be modified to provide a meaningful instantaneous measure of monopoly power applicable to dynamic markets, and discusses the aggregation of that instantaneous measure across time. The importance of accounting for intertemporal constraints in antitrust and related applications is illustrated by the analysis of four examples: an exhaustible. resource, the "learning curve," costs of adjustment, and dynamic adjustment of demand. An analogous index of monopsony power applicable to dynamic markets is also suggested.
Introduction
The measurement and analysis of monopoly and monopsony power have been a prime concern of industrial organization, and are of obvious importance in the design and application of antitrust policy. Much of the recent literature has focused on the structural and behavioral determinants of monopoly and monopsony power, including the characteristics of costs and demand, and the ways in which firms in the market interact with each other. There has been less concern, however, with the development of a measure of monopoly (or monopsony) power.
Instead, the Lerner index, first introduced in 1934, has for years been accepted as the standard measure of monopoly power, and is often used as a summary statistic in antitrust applications. 1 The Lerner index is just the margin between price and marginal cost, i.e. L = (P -MC)/P. In a static market, D l/rnf, where f is the elasticity of demand facing the firm, so that the firm's elasticity of demand completely determines its monopoly power. 2 However, this need not be the case in a dynamic market.
When price and output are determined intertemporally, the Lerner index need not equal the inverse of the firm's elasticity of demand, and neither L nor l/nf will necessarily provide a meaningful measure of monopoly power.
By a dynamic market, I mean one in which price and production are intertemporally determined. Examples include markets for exhaustible or renewable resources, markets in which supply is affected by a learning curve or by the presence of adjustment costs for quasi-fixed factor inputs, and markets in which firms' demands respond over time (as opposed to instantaneously) to changes in price. (Almost all real-world markets are dynamic.) In all of these examples, the Lerner index is insufficient (if not misleading) as a measure of monopoly power. In some cases (e.g. an exhaustible resource) it overstates the extent of monopoly power, and in other cases (e.g. when there are learning curve effects) it understates it. In every case it applies only to an instant of time, while the impact of monopoly power always applies to some interval of time.
As an extreme example of the inapplicability of the Lerner index, even as an instantaneous measure of monopoly power, consider the case of a monopolist producer of an exhaustible resource who faces an isoelastic demand curve and has zero extraction costs. It is well known that the price and production trajectories in this case are identical to those for a perfectly competitive market, i.e. the monopolist has absolutely no monopoly power. 3 The Lerner index, however, will equal 1 at every instant of time. As a second example, consider a monopolist who is starting up production using a technology in which the learning curve is important. Because current production reduces future production costs, current price can be below current marginal cost. Thus even though output will be less than that in a competitive market, the Lerner index can turn out to be negative.
Even if the Lerner index sufficed as an instantaneous measure, it would have little to tell us about the potential impact of monopoly power unless it were properly aggregated across time. Simply calculating "short-run" and "long-run" degrees of monopoly power (based on short-run and long-run demand curves) may not be very informative for two reasons. First, the short-run monopoly price will depend on more than the firm's short-run demand curve, so that the use of that demand curve to calculate a "short-run" degree of monopoly power is misleading.
(Consider a firm whose demand is inelastic in the short run but more elastic in the long run as consumers' "habits" adjust or as new firms enter the market. If the firm optimizes, it will initially produce above the point at which marginal cost equals short-run marginal revenue, so that the short-run demand elasticity will overstate the firm's short-run monopoly power.) Second, the firm's gain and consumers' loss from monopoly power depends on the rate at which demand adjusts, which in turn depends on the firm's entire (optimal) price trajectory.
Given that the objective is a prescriptive statistic that can be applied to antitrust and related problems, one therefore needs a measure that reflects the trajectory of monopoly power over time, weighted by the firm's revenues (and consumers' expenditures). 4 In this paper I suggest a simple generalization of the Lerner Index that provides a meaningful instantaneous measure of monopoly power for markets in which price and production are intertemporally determined, and I discuss the aggregation of that measure across time. This generalization is quite straightforward, and simply involves incorporating any relevant "user costs" --i.e. the sum of (discounted) future costs or benefits that result from current production decisions --in marginal cost. Although the generalization is straightforward, its application to specific examples of dynamic markets --natural resources, learning curve effects, adjustment costs, and dynamic demand functions --provides useful insights into the ways in which intertemporal constraints on production and price affect monopoly power, and why quasi-static analyses (e.g. comparisons of short-run and long-run demand conditions) can be misleading. Much of this paper is therefore devoted to the series of examples listed above. This paper ignores the general question of how oligopolistic firms interact with each other, even though that will often be a major determinant of the actual monopoly power that prevails in a market. In effect, I am concerned with the measurement of potential monopoly power, which may be much larger than actual monopoly power if firms compete aggressively. If that makes the scope of this paper seem limited, remember that measures of potential monopoly power often play an important role in the evaluation of mergers and acquisitions, the assessment of demages resulting from actual or potential collusive activity, and other aspects of antitrust. 5 The next section of this paper shows how the Lerner index can be generalized to provide an instantaneous measure of monopoly power that properly accounts for intertemporal constraints on production and price, and discusses the aggregation of that instantaneous measure across time. The following four sections use that measure to examine how monopoly power is affected by resource depletion, the learning curve, costs of adjusting factor inputs, and dynamic adjustment of demand.
Finally, I present and discuss a measure of monopsony power applicable to dynamic markets. As one would expect, this measure is closely related to our measure of monopoly power.
A Measure of Monopoly Power
In this section we begin by putting aside the problem that monopoly power --i.e. a firm's ability to earn "excess profits" --only has operational meaning over a time interval, and we compare the price, output, and profit flows for a monopolist 6 to those for a competitive market at a particular time t, but recognizing that these variables are intertemporally determined. After adapting the Lerner Index so that it provides a meaningful instantaneous measure of monopoly power, we discuss the problem of aggregating across time.
A. An Instantaneous Measure
The Lerner index assumes static profit maximization, so that the firm produces where marginal revenue equals marginal cost. In a competitive market price will equal marginal cost, and the resulting output is "welfare maximizing," i.e. the sum of consumer plus producer surplus is a maximum. That is the basis for measuring monopoly power in terms of the extent to which price deviates from marginal cost.
In a dynamic setting, risk-neutral firms maximize the sum of their (expected) discounted profits.7 In a competitive market, this results in the same output path as that which maximizes the sum of (expected) discounted consumer plus producer surplus. This, of course, does not imply that marginal revenue equals marginal cost at every instant, nor that price equals marginal cost under competition.
An exhaustible resource market is the obvious textbook example, and as explained earlier, it illustrates the failure of the Lerner index as a measure of monopoly power, However, the Lerner index can be rescued as an instantaneous measure of monopoly power by altering it as follows:
where FMCt is the full marginal social cost at time t, evaluated at the monopoly output level. By this I mean that first, FMCt includes any (positive or negative)
"user costs" that result from the intertemporal nature of the firm's optimization problem. Second, those user costs are to be calculated under the assumption that the firm is a price taker (i.e. competitive), so that they reflect the change in the present value of future discounted consumer plus producer surplus resulting from an increment in current production. Third, as with simple marginal cost in the standard Lerner index, those user costs are to be evaluated at the monopoly output level. With FMCt calculated in this way, 0 L*(t) < 1 for all t, and L*(t) = 0 in a perfectly competitive market.
The rationale for this measure can be made clear by going back to the example of an exhaustible resource market. We again assume that demand is fixed and isoelastic, and marginal cost MC = O, so that the competitive and monopoly output paths are identical. Figure 1 shows the average and marginal revenue curves, and output and price at a particular time t. Note that the monopolist output level is such that
where Xm is the user cost to the monopolist of one extra unit of cumulative production, or equivalently, the value to the monopolist of the marginal in situ unit of reserves. In a competitive industry, on the other hand, the output level is such that
where Xc is competitive user cost (often referred to as "Hotelling rent"). 8 In this case the competitive and monopoly output levels are the same, so that Xc = Xm + MR.
It is important to distinguish between the monopoly and competitive user costs, as they are derived from two different objective functions. The monopoly output path is that which maximizes the sum of discounted profits, and monopoly user cost is the reduction in that sum resulting from one extra unit of cumulative production (i.e. one less unit of in situ reserves). The competitive output path is that which maximizes the sum of discounted consumer plus producer surplus (the latter is just aggregate profit), with competitive user cost the reduction in that sum from one extra unit of cumulative production. Competitive user cost exceeds monopoly user cost because consumer plus producer surplus exceeds the monopolist's profit.9 In the case shown in Figure 1 , the difference between the two user costs is just equal to the difference between average and marginal revenue, so that the output levels are the same.
Since a measure of monopoly power should make a comparison with competitive conditions, or equivalently (in the absence of externalities), with the social welfare maximum, it is competitive user cost that should be added to marginal cost in calculating FMC. In the case shown in Figure 1 , price is then equal to FMC, so that L*(t) = 0 for all t, as we would expect.
In reality extraction cost is rarely if ever zero, so that in general a monopolist would produce less than a competitive industry initially, but more later (i.e. the monopolist "overconserves").10 We must then be careful when calculating competitive user cost. The value of competitive user cost at time t will depend on output at t, as well as the path of (expected) future output. When measuring monopoly power, competitive user cost must be calculated using the monopolist's output path, just as marginal cost is measured at the monopoly output level when calculating the Lerner index in a static model. In this way we obtain the full marginal social cost of producing the monopoly output. This is illustrated in Figure 2 . Xc ,m is the value of competitive user cost at time t evaluated for the monopoly output path {Om(t)}, where time t is some point after production has commenced. In the Figure 
Observe from eqn. (4) and Figure 2 that the presence of a positive user cost reduces monopoly power. In other words, given a demand curve and some marginal extraction cost function, the firm's monopoly power will be lower than it would be if its reserves were limited so that its user cost were zero. (Because its total volume of sales is fixed, the monopolist is limited to choosing the allo- There are other examples of intertemporal pricing and production where user cost is negative, and monopoly power is increased. Consider a market in which firms move down a "learning curve," i.e. as they produce, learning by doing reduces their average and marginal costs. As Spence (1981) has shown, the full marginal cost of current production is then less than current marginal production cost. The reason is that an incremental unit of current production reduces future production costs by moving the firm further down the learning curve, so that production of the unit brings a benefit (a negative user cost) that partly offsets its cost. This is illustrated in Figure 3 , where marginal cost MCt is constant with respect to the instantaneous rate of output Qt' but declines (from an initial value of MC O , asymptotically to MC) as cumulative output increases. Thus if the industry were competitive and there were no externalities (e.g. resulting from the diffusion of experience-based information across firms), price would be less than current marginal cost because of the negative user cost associated with learning. Price and marginal cost would both fall over time, with price asymptotically approaching marginal cost as the industry matured, learning effects were exhausted, and user cost approached zero.
Similarly, for a monopolist, production will be at the point where MR = MCt + Am, where Am is the (negative) user cost to the monopolist (i.e. the change in the sum of discounted future profits from an extra unit of cumulative production today). However, the user cost relevant to calculating the firm's "excess" average profit EP and its instantaneous degree of monopoly power is Acm', the competitive user cost (i.e. the change in the sum of discounted future surplus from an extra unit of cumulative production), again evaluated for the monopolist's output path. (Figure 3 applies to a point in time after production has commenced; since the monopoly output is less than the competitive output, Ac m is greater in magnitude than cc' ) As Figure 3 shows, because Ac m < 0, the effect of learning is to increase the firm's monopoly power, and the use of the standard Lerner index would underestimate that monopoly power. The extent to which the standard Lerner index is biased is examined in Section 4.
In addition to examining resource depletion and the learning curve in detail, later sections of this paper also examine the effects of adjustments costs for a firm's factor inputs, and the effects of dynamic demand adjustment. As those sections show, eqn. (1), with FMCt = MCt + Ac m(t), always provides a correct instantaneous measure of monopoly power. We now turn to the aggregation of that instantaneous measure across time.
B. Aggregation Across Time
An instantaneous measure of monopoly power is clearly insufficient as a statistic for antitrust and related analyses. A firm's instantaneous degree of monopoly power might be high initially, and then fall as consumer demand adjusts or as new firms enter the industry. Clearly a complete assessment of a firm's monopoly power requires a method of aggregating the instantaneous index across time.
Remember that neither L(t) nor the Lerner index L(t) provide information about the magnitude of the loss to consumers from monopoly power. (L*(t) might be higher throughout time in industry A than in industry B, with the damages to consumers higher in B because of its size.) L (t) simply measures the excess profit per unit due to monopoly power as a fraction of the price per unit, and so is unit-free. However, the (relative) impact of monopoly power can be approximated by multiplying L (t) by expenditure at time t. This suggests the use of expenditure as a weighting variable when aggregating L*(t) across time.
Alternative weighting variables include quantity and price. Aside from the fact that in practical terms monopoly power is most important when large expenditures are involved, a quantity-or price-weighted index could be a misleading statistic.; For example, consider a firm that price discriminates over time, e.g. a book publisher or the manufacturer of "designer" clothing. Initially the firm operates on the inelastic part of its demand curve, with price high and demand low. In this initial period, L (t) is relatively large. L (t) later falls as the low-elasticity consumers complete their purchases, and price is reduced, with quantity rising. Then a quantity-weighted index will show very little monopoly power (suggesting that a copyright has little value), while a price-weighted index will indicate a permanent ability to maintain price above marginal cost (as though a copyright never loses its value). An expenditure-weighted index, on the other hand, properly reflects the decline in monopoly power and the changing impact on consumers.
Weighting L*(t) by expenditure yields the following time-aggregated index of monopoly power:
Here FMC(T) is full marginal social cost at time T, as discussed above, and future expenditures are discounted at the market interest rate r. This index, of course, is itself time dependent. It describes the monopoly power of a firm looking into the future at a particular point in time, and as conditions change, so will the firm's monopoly power. This is important in the context of antitrust policy; the time-aggregated degree of monopoly power might be high initially (at t = 0), so that antitrust action seems warranted, but such action will be of little value if it takes considerable time to implement, and Im(t) will fall rapidly over time. Finally, observe that 0 I(t) < 1, and I (t) = 0 only if
The index Im(t) has value as a summary statistic for antitrust and related applications. Furthermore, it provides a means of identifying those factors that are important determinants of monopoly power, and quantifying their effects.
This is best demonstrated through some examples of markets in which the intertemporal aspect of production is important.
Exhaustible Resources
Let us return to the case of an exhaustible resource market. Besides illustrating how the index of monopoly power given by eqn. (5) is calculated, we wish to examine the way in which actual or potential monopoly power depends on user cost relative to price, and the extent to which the traditional Lerner index is a biased statistic for real-world resource markets.
The approach is to construct a simple model that can be solved analytically for the competitive and monopoly production rates, and that lets one:relate monopoly power to user cost in a straightforward way. Such a model is given by the following assumptions: (i) the reserve base is fixed, 1 2 (ii) market demand is isoelastic, i.e. q(p) = bp ' a, with r > 1, and (iii) marginal and average extracion cost are constant with respect to the rate of extraction, but an isoelastic function of reserves, with an elasticity equal to the inverse of the demand elasticity, i.e. MC = AC = cR-1/. 1 3 To deal with problems of common access and aggregation in the competitive case, we will assume that individual firms own shares of a unitized resource stock, or equivalently that firms own their own reserves, but with identical costs, so that competitive production decisions lead to identical output paths for individual firms, and the competi-tive equilibrium is socially optimal.l4
Aside from analytical tractability, an important advantage of this model is that it helps to clarify the connection between monopoly power and user cost.
In particular, as shown below, in this model L and L are functions only of n and p, where p is the ratio of competitive user cost to competitive price. Also, observe that price and cost rise asymptotically in this model as the reserve base dwindles, but reserves are never exhausted. When c = 0 we have the special case in which the competitive and monopoly output paths are identical, but as c increases, the two will diverge.
The competitive price and production paths are given by the solution of: 15
For a monopolist, price and production are given by the solution of:
q 0 also subject to (7) . I have shown elsewhere (1983) that with p(q) = (q/b)-l/ n and C(q,R) = cR 1 /nq, the competitive rate of production is given by the rule:
where A c = Ac(n,c,r,b) is the solution to:
Ti c c Also, the monopoly rate of production is given by:
where A m = A m(,c,r,b) is the solution to: 1 6 (
the reader can check that as c + 0, qc(R) , qm(R) + nrR (13) and that for any given R, qc(R) > qm(R) for c > 0.
Calculating the degree of monopoly power requires an expression for competitive 17 user cost. As shown in my earlier paper, that user cost is given by:
Recall that this user cost is to be evaluated over the monopoly output path, and therefore the monopoly path for reserves. The latter is given by Rm(t) = Re-mt so that Ac m(t) is obtained by substituting this into (14).
We can now compute the instantaneous degree of monopoly power. Substituting (14) into eqn. (4) and noting that the monopoly price is Pm = (qm/b)I/ (mR/b) l/n, we have:
Observe that in this model, L*(t) is constant over time, so that Im = L*. Also, Clearly the bias in the standard Lerner index depends on the relative importance of user cost. To explore this dependence, it is useful to define the parameter p = IXc c/Pc, i.e. the ratio of competitive user cost to competitive price. Then 0 < p < 1, with p = 0 if reserves are infinite (i.e. no resource constraint), and p = 1 when c O. Observe that in this model p and Ac c are both proportional to R -1 / , so that p is constant and independent of R. Substituting for Ac,c and Pc
Numerical solutions of the model can now be utilized to examine the dependence of monopoly power on user cost, and the extent of the bias in the standard Lerner index. The model is particularly convenient for this because L , L, and therefore
A are functions only of p and n. 18 In other words, once p and n have been specified, it is unnecessary to specify c, b, or r. (Given p and n, c is determined given b/r.) We therefore want to examine how L , L, and A vary as p increases from zero to one. This dependence is shown in Table 1 I .(C) ( ). :) ) 0(:
The Learning Curve
The presence of learning by doing will also cause the standard Lerner index to be a biased measure of monopoly power, but now the bias is in the opposite direction. As explained earlier, user cost is negative, so that a monopolist produces at a point where marginal revenue is below marginal cost.
In specifying a model of learning by doing, assumptions about the diffusion of learning across firms and the strategic interaction of firms are particularly important. For example, Fudenberg and Tirole (1983) comparison of the monopoly output path with the socially optimal path. Depending on the nature of firms' strategic interactions, the monopoly equilibrium may be better than the "second-best" oligopoly equilibrium,21 but the issue here is how monopoly compares to a first-best equilibrium, and most important, how that comparison depends on the intertemporal constraints imposed by the learning curve.
I therefore specify a model that is exactly analogous to the exhaustible resource model developed in the last section. Demand is isoelastic, and marginal cost is an isoelastic function of cumulative production, so that the competitive and monopoly production rates are linear functions of cumulative production, and L and L are both functions of only n and p. This helps to illustrate the dependence of monopoly power on user cost, and the close relationship between the effects of resource depletion and learning by doing.
As before, demand is given by q = bp . Marginal and average cost are equal and given by MC = AC = c(a + x) -1/r where a > 0 and x is cumulative production:
For simplicity, we write MC = cxl/, and set x(O) = 1. As shown in the Appendix, this model has a solution only if c, b/r, and rn satisfy the following constraint:
This constraint implies an upper limit on the magnitude of user cost relative to price. If it is not met, the present discounted value of the flow of net surplus is infinite.
In the Appendix it is shown that the competitive rate of production is given by the rule:
where Bc = Bc(n,c,r,b) is the solution to:
and competitive user cost is given by:
Also, the monopoly rate of production is given by:
where B m = B m(n,c,r,b) is the solution to:
The close connection between this model and the previous one for an exhaustible resource should be clear. The monopoly and competitive prices of the exhaustible resource rise exponentially as both marginal extraction cost and user cost rise, and production asymptotically approaches zero, while in this example monopoly and competitive production rise exponentially as production cost, user cost, and price all approach zero.
Using the solutions above for production and user cost, our instantaneous measure of monopoly power can be written as:
Again, L (t) is constant over time, so that I m L . Also, L = 1 -(em/b)l/c, so the bias in the standard Lerner index is
c -Bm(Ti-1 )/n i.e. the standard Lerner index underestimates the true degree of monopoly power.
As with an exhaustible resource, as r , -+ 0 and L -L.
We will again use the index p = Xc c['/pc to measure the relative importance of user cost, and thus the relative importance of the learning curve effect. In this model, p is given by:
Bc(n-l)/n p= (27) c-Bc(n-l)/n
The constraint of eqn. (19) implies a corresponding constraint on p; the model has a solution only if p 1/(-1).
Once again we would like to examine how the degree of monopoly power L and the bias in the standard Lerner index vary with n and p. This dependence is illustrated numerically in Table 2 and Figure 5 . As shown, the standard Lerner index underestimates the true degree of monopoly power, and the bias can be quite significant, especially for larger values of n. For example, when n is 3 or 5 and p is .20, the bias exceeds .10 in magnitude. 22 Just as a positive user cost (an exhaustible resource) reduces a firm's monopoly power, a negative user cost (a learning curve) increases it. The reason is that Ic > IXml, so the incentives associated with learning push a competitive industry further down the market demand curve than they push a monopolist down its marginal revenue curve. Put another way, since the monopolist produces less anyway over the long run, he receives less benefit (in terms of reduced future costs) from increasing current output. Learning therefore leads a monopolist to initially increase output less than it does a competitive industry, and increases the spread between the monopoly and competitive prices. This is just
the opposite of what happens with an exhaustible resource. There a monopolist sees a lower cost from the depletion of his reserves, and so has less incentive to conserve relative to a competitive industry; this reduces the spread between the monopoly and competitive prices. 
III

Costs of Adjustment
A firm's long-run cost structure differs from that in the short run because it takes time to alter the capital stock and change the firm's production capacity.
As Lucas (1967) and Gould (1968) have shown, one way to capture this is by assuming there are convex costs of adjustment associated with changes in the capital stock (and/or changes in other factor input levels). When adjustment costs are present, a firm will experience an (internal) capital gain or loss when it adjusts to a new long-run equilibrium position, and those capital gains (which occur as capacity is reduced) or losses (occurring as capacity is increased) are part of full marginal cost. As shown below, this reduces monopoly power during periods of industry expansion, and increases it during periods of contraction. In steady-state equilibrium,
where the right-hand side of (31) is the cost of a marginal unit of capital.
The marginal cost of an additional unit of output is then
In equilibrium, the use of this "direct" marginal cost in the standard Lerner index would give an unbiased measure of the degree of monopoly power. Furthermore, this "direct" marginal cost can itself be measured --it is simply the amortized capital outlay required to increase production capacity by one unit.
In disequilibrium, however, full marginal cost is not equal to direct mar- The value to the firm of the marginal unit of capital is its total purchase and installation cost, v + C'(I), so that C"(I)I is the rate of capital gain on the unit, and C"(I)I/FK is the corresponding capital gain in terms of a marginal unit of production capacity. If a firm is growing so that K(t) < K , I < 0 and FMC> MC.
The reason is that as K(t) -K , the marginal profit rate is falling, so that the value to the firm of a marginal unit of capital is falling. This capital loss raises the full marginal cost of additional production capacity. Conversely, suppose the firms in a competitive market cartelize, agreeing to reduce their aggregate production capacity to a monopoly level (path ABC in Figure 6 ). Each incremental reduction in capacity raises the marginal profit rate and bestows a capital gain; I > 0 and FMC < MC.
In periods of adjustment, the standard Lerner index is therefore a biased measure of monopoly power. The actual degree of monopoly power will depend on whether output is growing or contracting, and cannot be determined simply from an elasticity of demand. The bias is positive during periods of industry expansion, and negative when industry output is contracting. The latter case is important, and the effect is often ignored in analyses of the potential monopoly power from collusion. If a cartel forms in an industry that had been competitive, its monopoly power will exceed the value that would be inferred from the market demand curve (even if that demand curve is static). The bias is largest in the early periods (I O0 as K -K), but depending on the discount rate and the size of marginal adjustment costs C'(I) relative to v, it may be sufficient to significantly affect the time-aggregated index of monopoly power, I. 24
Dynamic Demand Functions
In most markets demand responds dynamically to price changes. From the point of view of a firm or group of firms with monopoly power, the response of demand can occur as consumers adjust their spending patterns, or as other (competitive) firms expand their production capacity. If monopoly power is to be exercised rationally, that dynamic response of demand must be taken into account.
The fact that demand is dynamic will not by itself cause the standard Lerner Index to be biased as an instantaneous measure of monopoly power. The reason is that the full marginal social cost of production is equal to direct marginal cost, i.e. competitive producers will produce so that price is equal to marginal cost at every instant (although price will be changing over time). As long as the optimal monopoly price is used to compute the Lerner Index (at each instant), it will not be biased.
A problem arises, however, when the short-run demand curve (or a short-run elasticity) is used to infer a short-run degree of monopoly power. Aside from the obvious problem of time aggregation, the short-run demand curve (taken by itself) can be misleading as an indicator of a monopolist's short-run monopoly power. To see why, suppose the monopolist's demand curve is more elastic in the long run than the short run. Then it is optimal for the monopolist to initially set output above the point where marginal cost equals short-run marginal revenue; doing so creates a benefit by retarding the response of demand and the adjustment to long-run equilibrium. Just the opposite is the case if the monopolist's demand curve is less elastic in the long run.
The following simple model illustrates how the short-run demand curve can overstate a monopolist's short-run degree of monopoly power. Suppose a group of firms cartelize and gain monopoly power, but if they increase price, the output of a set of "competitive fringe" firms will gradually increase, so that cartel demand is more elastic in the long run that the short. Then the cartel's demand can be written as:
where u(t) is competitive supply, and itself depends on price as follows: 25
Here b 2 determines the speed at which competitive production responds to price, and the cartel's demand adjusts over time.
Given some initial (equilibrium) price p and quantity q, and letting C(q) be the cartel's (aggregate) cost function, the cartel sets output to maximize: does not "overshoot" by initially reducing output below the equilibrium level, but instead reduces it only part of the way, and then slowly reduces it the rest of the way. The reason is that for the cartel there is a negative user cost associated with current production; an incremental unit of production retards expansion by the competitive fringe, and tnereby increases future potential profits. 26 This is illustrated by a phase diagram in Figure 7 , and supply and demand curves in Figure 8 , for the case C(q) = cq. In those figures, the market is initially competitive, and q is the total output of the colluding firms. Once the cartel forms, its optimal output drops to ql, and then gradually falls to the long-run equilibrium level q as competitive output expands', and price falls from P 1 to P* (path ABC in Figures 7 and 8 ).27 Until long-run equilibrium is reached, the cartel's output is above the point where marginal cost equals shortrun marginal revenue (again, because of the negative user cost associated with current production). Clearly the cartel's short-run average revenue curve taken by itself overstates the cartel's short-run degree of monopoly power.
The size of the cartel's degree of monopoly power, I m , depends on how fast the instantaneous index L*(t) declines over time (as q(t) -* q*), and the time pattern of expenditure. An estimate o I m therefore requires the calculation of the cartel's entire optimal production trajectory. Even if such a calculation is not feasible, an estimate of I m based on rough "guessestimate" of q(t) may still be preferable to use of short-run and long-run demand curves.
In some markets, short-run demand is more elastic than long-run demand. This is the case when there is a "stock adjustment effect" --for example, the product in question is a durable good (say copper or aluminum) with a source of secondary (or "scrap") supply. In this case a monopolist's short-run demand curve understates its true short-run degree of monopoly power. Now the monopolist's short-run output is below the point where marginal cost is equal to short-run marginal revenue, because there is a positive user cost associated with current production (an incremental unit of production retards the reduction of an initially large source of secondary supply from competitive fringe firms). The I implications of this might be easiest to see in the context of the 1945 Alcoa case; a defense of Alcoa based on the argument that its monopoly power was limited in at least the short run is flawed because it ignores the fact that the dynamic adjustment of demand gives the firm an incentive to reduce short-run production.28
A Measure of Monopsony Power
Monopsony power refers to the ability to purchase at a price below marginal value, or equivalently (since utility maximization implies purchasing up to the point that marginal value is equal to marginal expenditure), at a price below marginal expenditure. A static index of monopsony power exactly analogous to the Lerner index is therefore:
M is simply the percentage difference between marginal value and price, and in a static market is bounded by zero and one. Just as the Lerner Index compares the monopoly price to the marginal social cost of producing the monopoly output level, this index compares the marginal social value of the monopsony level of sales with the monopsony price.
In a dynamic market, however, M suffers from the same deficiences as the Lerner index. First, when price and quantity are determined intertemporally, a buyer will not necessarily equate current marginal value with current marginal expenditure, so that M may be biased evan as an instantaneous measure. For example, if a monopsonist's current consumption of a good results in a sufficiently large future flow of value (in addition to current value), the current price can exceed current marginal value, and even though less is purchased then in a competitive market, M will be negative. Second, the value of M at an instant of time says little about the potential impact of monopsony. As with monopoly power, a timeaggregated index is needed if it is to be useful as a prescriptive statistic for antitrust and regulatory policy.
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The index M can be generalized in the same way that the Lerner index was.
Consdier the following instantaneous measure of monopsony power:
where FMVt is the full marginal social value at time t, evaluated at the monopsony consumption level. As with full marginal cost, FMVt includes any (positive or negative) "shadow values" that result from the intertemporal nature of the buyer's optimization problem. Also, those shadow values are to be calculated under the assumption that the buyer is a price taker, so that they reflect the change in the present value of future discounted net surplus resulting from an increment in current sales. Finally, the shadow values should be calculated at the ncnopsony level of sales. Calculated in this way, M*(t) is an unbiased instantaneous measure, and 0 , M*(t) < 1, with M*(t) = 0 in a perfectly competitive market.
The following examples should help clarify the rationale for this measure.
First, consider a mining firm that uses labor to produce an exhaustible resource.
If the firm behaved as a competitive buyer of labor, and if its reserves of the resource were infinite, it would hire labor up to the point where the wage (its average expenditure) was equal to the net marginal revenue product of labor (its marginal value). If reserves are finite, however, each additional unit of labor hired has a negative shadow value associated with the resulting reduction in the future flow of net value because of depletion. As shown in Figure 9 , the firm buys a quantity of labor Lc(t) at the point where AE = FMV t MVt + Xc,c(t), with Ac (t) < O, i.e. the effect of future depletion is to reduce the current quantity of labor that is hired. If the firm is a monopsonist in the labor market, it hires labor up to the point where ME = FMVt = MVt + Xm(t) ,Xm(t) < O.
As shown in Figure 9, .m < Ixc, c. Again, one must distinguish between the monopsony and competitive shadow values. The monopsony sales path is that which maximizes the sum of the discounted flow of net value to the buyer (in a static market, the area under the demand curve less the expenditure PQ), and the monopsony shadow value is the increase in that sum resulting from one extra unit of cumulative sales. The competitive sales path is that which maximizes the sum of the discounted flow of total surplus (the area between the demand and supply curves in a static market), and the competitive shadow value is the increase in that sum from an extra unit of cumulative sales. The competitive shadow value is larger in magnitude than the monopsony shadow value because total surplus exceeds the monopsonist's net value.
Since a measure of monopsony power should make a comparison with competitive conditions, it is the competitive shadow value that should be used in calculating full marginal value. Furthermore, that shadow value must be calculated for the monopsony sales path, just as marginal value is measured at the monopsony sales level when calculating the index M in a static model. This yields the full marginal social value of sales at the monopsony level, i.e. FMVt = MV t + X ,m(t), and the instantaneous degree of monopsony power is:
In the exhaustible resource example illustrated in Figure 9 , X, m(t) < O, so that the static index M would overestimate the degree of monopsony power. The exhaustibility of the firm's reserves reduces its monopsony power in the labor market, just as it reduces any monopoly power in the output market.
As a second example, consider a firm that buys a raw material ("steel"), and whose costs fall as it moves down a learning curve. In this case, each unit of steel the firm buys provides current marginal value, but also increases the future flow of value to the firm by accelerating its movement down the learning curve.
Now there is a positive shadow value c ,m(t) that must be included in calculating the firm's instantaneous degree of monopsony power in the steel market; the static index M will underestimate that monopsony power.
Once M*(t) has been calculated, it can be aggregated over time in a manner directly analogous to eqn. (5) for monopoly power. The expenditures P(t)Q(t) used as the weights in eqn. (5) represent the gross income flow to the monopolist. The analogous gross value flow to the monopsonist is FMV(t)Q(t). It is this, and not expenditures P(t)Q(t) that should be used to weight M (t) when aggregating over time. To see this, observe that if expenditures were used, the weights would be the lowest in periods when the degree of monopsony power M (t) is the highest (and would approach zero if M (t) approached one). 2 9 Then weighting M*(t) by FMV(t)Q(t) and discounting, we obtain the following index of monopsony power:
f FMV(T)Q(T)e r(Tt)dT t
Observe that 0 Is(t) < 1, and Is(t) = 0 only if M (T) = 0 for all T t.
Is(t) is a summary statistics that measures the monopsony power of a buyer locking into the future at a particular point in time.
Concluding Remarks
This paper has shown how static measures of monopoly and monopsony power can be inadequate and possibly misleading when applied to dynamic markets. Such static measures include the standard Lerner index, but also short-run and long-run elasticities of demand. We have suggested alternative measures that properly account for intertemporal constraints, and would be applicable as summary statistics in antitrust and related regulatory problems. Also, the application of these measures to a number of examples has shown how a firm's (or cartel's) degree of monopoly power is affected by various forms of intertemporal constraints, including those associated with resource depletion, learning by doing, costs of adjustment, and dynamic adjustment of demand.
We have not attempted to suggest a statistical methodology for estimating the components of these measures of monopoly and monopsony power, and the estimation problems can indeed be formidable. For example, the estimation of user costs in a competitive market can be difficult enough, and here one needs competitive user
APPENDIX
Here we derive eqns. (2G)-(24). The competitve production rule is that which maximizes:
with p(v) = bl/n l 1 / n and C(q,x) = cqx -l / . The solution is obtained via dynamic programming. The value function V(x) satisfies the following fundamental equation of optimality:
Substituting for C(q,x) and maximizing: .4) so that production satisfies:
Now substitute (A.5) for q in eqn. (A.3) and rearrange:
It is easily seen that this equation has the solution
where Bc is a constant satisfying eqn. The monopolist chooses {qm(t)} to maximize
again subject to (A.2). Equations (23) and (24) are obtained by going through the same steps as in the competitive solution above.
. In this particular case competitive profit (i.e. producer surplus) and the monopolist's profit are both equal to competitive user cost (i.e. the value of the marginal in situ unit in a competitive market) times the production level.
10.
See . This need not always be the case. As Lewis, Matthews, and Burness (1979) have shown, if the elasticity of demand increases with consumption, or if there are quasi-fixed production costs (e.g. leasing fees), the monopoly production rate can initially exceed that for a competitive market.
11.
Note that this can be written as
i.e. it is a weighted discounted sum over time of the instantaneous index L, where the weights are expenditures, PQ.
12. That is, we ignore the process of exploration and reserve accumulation. This is actually not a very restrictive assumption, if by "reserves" we mean the potential resource base (proved reserves plus potentially discoverable reserves), and if we include the cost of exploration and discovery as part of production cost.
13. The assumption of an isoelastic marginal cost function is widely accepted as a first approximation in petroleum engineering, and leads to the well-known "exponential decline curve." Constraining the elasticity to be 1/n may seem artificial, but it is necessary for an analytical solution, and it does not compromise the qualitative realism of the model. Also, note that as n X, MC + c, a constant.
14.
In some resource markets property rights are poorly defined or maintained, so that the common access problem arises. In such cases the competitive equilibrium discussed below should be viewed as an "ideal" and guideline for regulatory policy, and as a comparison to the behavior of a monopolist.
15. Since our assumptions allow us to ignore the common access problems, this is equivalent to each individual producer choosing his production rate qi(t) to maximie Pq - 
17.
Competitive user cost is the marginal social value of an incremental unit of reserves, i.e. c(t) = VS(t)/3R(t), where Vs(t) is te present value of the flow of consumer plus producer surplus (from time t on) accruing from the extraction and consumption of reserves R(t). In my earlier paper (1983) I derived qc using dynamic programming, so that Vs(t) is obtained explicitly.
18.
To see this, first re-write eqn. (17) 19. In these calculations, r = .05 and b = 1, and c varies accordingly.
20. Pindyck (1978) has shown that if the world oil market were competitive, the ratio of user cost to price might exceed .4 if the real discount rate were .05, while for the world copper market this ratio is in the range of .2 to .3. In his study of the nickel market, Stollery (1983) finds this ratio to be about .1 to .2.
21. Fudenberg and Tirole shows that the oligopolistic equilibrium can be improved by taxing output in early periods and subsidizing it in later ones.
22.
There have been a number of studies that estimate the rate at which cost declines as cumulative production increases; one of the earliest is by Hirsch (1952) , and Sahal (1981) provides a more recent survey. Those studies do not, however, provide estilmates of user cost. To determine user cost one would also need information about the demand curves for the products in question.
23.
For a general discussion of adjustment costs and their effects, see Nickell (1978) .
As in Nickell, I assume adjustment costs are a function of gross investment, so that the firm has some positive cost even when it is not expanding its capital stock.
24.
For empirical evidence on the size of marginal adjustment costs for U.S. manufacturing as a whole, see Pindyck and Rotemberg (1983) .
25.
Alternatively, if demand adjusts over time because of consumers' "habit formation,"
we would replace eqns. (34) and (35) 
26.
No such user cost would exist in a competitive market, however, because no individual firm can affect the rate of capacity expansion of other firms. Therefore the Lerner index is not biased as an instantaneous measure of monopoly power --if the correct monopoly price is used in its calculation.
27.
To see that p < 0 as q(t) + q , combine eqns. (34) and (35) Observe that u > O, so that P > .
28. Economic analyses of the Alcoa case tend to focus on long-run monopoly power.
See Gaskins (1974) and Swan (1980) .
29.
Alternatively, if the net value flow (FMV -P)Q were used, the weights would be lowest (zero) in periods where M *(t) was lowest (zero). 
